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[57] _ ABSTRACT

A temperature control system is disclosed wherein a
heater of a gas sensor and a plurality of reference resis-
tors cooperate to form a bridge circuit. The tempera-
ture control system comprises a comparator means for
monitoring a balancing voltage of the bridge circuit and
generating a control signal indicative of the balancing
voltage and an electric power amplifier means respon-
sive to the control signal for varying a voltage applied
to the bridge circuit in such a manner to reduce the
balancing voltage. The gas sensor has mounted therein
at least one of the plurality of reference resistors, which
reference resistor having a resistance resulting from
multiplying the resistance of the heater with a constant.

4 Claims, 4 Drawing Figures
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1
TEMPERATURE CONTROL SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a temperature con-
trol system which controls the temperature of a heater
mounted In a gas sensor in such a manner as to keep the

heater at a substantially constant temperature.
2. Description of the Prior Art

A known gas sensor is provided with a heater for

10

heating a gas concentration measuring part to a suitable

temperature at which the gas concentration measuring
part functions efficiently and accurately. To control the
temperature of the heater, it has been tried to sense the
actual temperature of the heater with a temperature

sensing element. 'The temperature sensed by the sensing .

element 1s compared with a predetermined temperature
at a comparator. The control is carried out such that
when the sensed temperature is lower than the predeter-
mined temperature, a relay switch is closed to connect
a source of electric power to the heater, while, when
the sensed temperature is higher than the predetermined
temperature the relay is opened to disconnect the heater
from the source of electric power. The temperature
sensing element is embedded in a base plate wherein the
heater is disposed. However, it has been found difficult
to embed the temperature sensmg element in the base
plate.

SUMMARY OF THE INVENTION

An object of the present invention is to prcv'ide 'a_

temperature control system which does not use a tem-
perature sensing element.

According to the present invention, there is prowded"

a temperature control system which comprises a heater,
a plurality of reference resistors cooperating with the
heater to form a bridge circuit, means for monitoring a

balancing voltage of the bridge circuit and means for

varying a voltage applied to the bridge circuit in such a
manner as to reduce the balancing voltage. *
For increasing interchangeability of gas sensors, the
gas sensor has mounted therein at least one of the plural-
ity of reference resistors which form the bridge circuit.
That reference resistor which is mounted in the gas
sensor should have a resistance resulting from multlply-
ing the resistance of the heater with a constant.
Accordingly, a specific object of the present inven-
tion is to provide a temperature control system wherein

replacement of an old gas sensor with a new one is quite
easy. |

BRIEF DESCRIPTION OF THE DRAWINGS |

The present invention is specifically described herein- _
after in connection with the accompanying drawings,

wherein:

FIG. 1 is a schematic sectional view of an cxygen‘

concentration measuring element illustrating a typical
structure of the oxygen concentration measuring ele-
ment;

FIG. 2 is a block and wiring diagram of a first em-

bodiment of a temperature control system acccrdmg to
the present invention; |
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FIG. 4 is a block and wiring diagram of a second

embodiment of a temperature control system according
to the present invention.

DETAILED DESCRIPTION OF THE
- INVENTION

Referring to FIGS. 1 and 2, a temperature ccntrcl

system comprises an oxygen concentration measuring

element 1 utilizing the pr1nc1ple of oxygen concentra-
tion cell. |

As shown in FIG. 1 the oxygen concentration mea-
suring element 1 comprises a base plate 2, an oxygen
concentration measuring part 3 that includes a laminate
of a reference electrode layer 4, an oxygen ion conduc-
tive solid electrolyte layer 5 and a measuring electrode
layer 6 arranged one after another in this order. A po-
rous protecting layer 7 covers the whole outer surfaces
of the measuring part. Since the oxygen ion conductive
solid- electrolyte layer S exhibits the best electromotive

force characteristic at a temperature ranging from about

e 600° to 700° C., a heater 8 is embedded in the base plate

25

30

35

2 to controllably keep the oxygen concentration mea-
suring part 3 at a preset temperature falling in said tem-
perature range. Although in the illustrated example the
oxygen ion conductive solid electrolyte layer 5 is in the
form of a layer, it may take the fcrm cf a tubular shape
or a pot shape |
As shown in FIG. 2, this oxygen concentration mea-
suring ¢lement 1 is attached to a holder 9 and has its lead
lines 11a, 115 and 11c¢ connected with a connector 12,
thus forming a gas sensor, viz., an oxygen sensor 10.
Referring to FIG. 2, indicated by 20is a temperature
control circuit wherein one end of the heater 8 is con-
nected via a lead line 11 and a connector 12’ to one
terminal of a comparator 21 and via a resistor R3 to an

~ output side of an electric power amplifier 22, the output
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FIG. 3 is a graph illustrating temperature vs., resis-

tance ratio; and

side of the electric power amplifier 22 is connected to
the:input-terminal of the comparator 21 via a res:stcr_-
Ry, and the other input terminal of the comparator 21 is

grounded via a resistor R>. The other side of the heater

81s grounded via a lead line 11c and connectors 12, 12
That is, the heater 8 (resistor Rg) cooperates with the
reference resistors Ry, Ryand R3to form a bridge circuit
wherem the comparator 21 detects the balancing volt-
age of the above mentioned bridge circuit and feeds 1ts
output to the electric power amplifier 22 to control an
output voltage Vg of the electric power amplifier 22 to
maintain the temperature of the heater 8 at a substan-
tially predetermmed temperature Indicated by 23 is an
oxygen concentration measurmg circuit connected to
the oxygen concentration measuring element 3 wherein
oxygen concentration within the atmosphere is mea-
sured by allowing a control current to flow between the
reference electrode 4 of the oxygen concentration mea-
suring element 1 and the measuring electrode 6 so as to
keep a voltage related to the partial pressure of oxygen
substantially constant, and measuring an output voltage
of the oxygen concentration measuring element 1.
Explaining further the temperature control of said

heater 8, if we assume an electric voltage on one of the

input terminals of the comparatcr 21 as e and an elec-
tric voltage on the other input terminal as e , we can
express

e1=VpRy/(R3+4 Rp)

- e=VyRy/(R1+R)
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3
and in the event that the resistance of the resistor Ry of
the heater is smaller than a predetermined value (that is,
in the event that it is judged the temperature of the
heater 8 is lower than a predetermined temperature),
since ej < e3, the output electric voltage Vyof the elec- 5
tric power amplifier is increased to increase the temper-
ature of the heater 8, thus increasing the resistance of
the resistor Rz of the heater 8 until e =e, is satisfied. In
the event that the resistance of the resistor Ry of the
heater 8 is greater than the predetermined value (that is, 10
in the event that the temperature of the heater 8 is
higher than the predetermined temperature), since e;.
>e3, the output electric voltage Vg is decreased to
decrease the temperature of the heater 8, thus decreas-
ing the resistance of the resistor Ry until ej=ej3 is satls- 15
fied.

- Referring to FIGS. 3 and 4, a second embodiment is
explamed which has solved a problem encountered in -
the embodiment just descrlbed in connectlon with
FIGS.1and2. -~ = | 20

In the case of the first embodiment, even if the resis-
tance of the resistor Ry of the heater 8 is controlled to
satisfy the relationship Ry=R>-R3/R}, viz., even if the
resistance of the resistor Ry of the heater 8 is controlla-

bly maintained constant, the temperature of the heater 8 25

varies as shown in FIG. 3 with variation in the resis-
tance Ry’ of the heater 8 at a room temperature (20°
C.). Thus, in the event that the resistances of the respec-
tive heaters 8 vary from one to another, the tempera-
tures of the respective heaters 8 vary accordingly even 30
if the control is carried out to satisfy e =e;. Because, it

1s the conventional practice to select reference resistors
R1, R2and R3for respective heaters to cause the respec-
tive heaters 8 to produce a predetermined temperature,

a problem has arisen in replacing in old oxygen sensor 35
with a new oxygen sensor that unless a heater of a new
oxygen sensor having the same resistance at the room -
temperature as. that of the heater 8 of the old oxygen
sensor 10 is selected or the resistances of the reference:

resistors of the temperature control circuit 20 are varied 40

in correspondence with a new resistance at the room.
temperature of the heater of the new oxygen sensor 10,
it has been impossible to effect the temperature control
with the new oxygen sensor to provide the same result

in temperature as being obtained with,the use of the old, 45

oxygen sensor. In manufacturing OXygen Sensors, it.is
very difficult to manufacture heaters 8 with the same
resistance and it is not acceptable to select the oxygen .
sensors with heaters having the same resistance because .

it leads to a bad yield. Further, it is not practlcal to 50

replace reference resistors of the temperature control
circuit 20. Thus, in the case there is adopted a manage-
ment system wherein the oxygen sensors 10 are stocked

In respective service works in various areas for replace-
ment, 1t is necessary to stock oxygen sensors having a 55
numerous different kinds of. resistances Ry in each
service work for carrying out replacement with good
precision, thus leading to a bad interchangeability of the
OXygen SEnsors. |

This embodiment is based upon the recogmtlon that 60
there exists a characteristic that at any. given tempera-
ture, Ry=CRy° (C=constant), which holds de3p1te
any vartations in Rg’.

Explaining the second embodiment in detail in con-
nection with FIG. 4, this embodiment is different from 65
the first embodiment in that an oxygen sensor has
mounted in a connector 32 thereof a reference resistor
R; forming part of a bridge circuit. An oxygen concen-

4

tration measuring element 1 has lead lines 11a, 115 and
11c connected to the connector 32. The resistor R
mounted in the connector 32 has one end connected to
the lead line 11c and is adapted to be grounded or con-
nected to the earth. Referring to the temperature con-
trol circuit 40, one of two input terminals of a compara-
tor 21 1s connected to one end of the heater 8 via the
lead Iine 114 and connectors 32, 32’ and also connected
to an output side of an electric power amplifier 22 via a
resistance R3, and the output side of the electric power
amplifier 22 is connected to the other input terminal of
the comparator 21 via a resistor Ry, and the other input
terminal of the comparator 21 is connectable to the
ground via the connectors 32, 32’ and the resistor Ry. As
a result, when the connector 32 of the oxygen sensor 30
1s connected to the connector 32’ of the temperature
control circuit 40, the heater 8 (resistor Ry) and refer-
ence resistor R of the oxygen sensor 30 cooperate with
the reference resistors Ry and R3 of the temperature
control circuit 40 to form the bridge circuit. The com-
parator 21 detects the balancing voltage of the bridge
circuit and feeds it as an output to the electric power
amplifier 22 so as to control the output voltage V g of
the electric power amplifier 22 to keep the resistance of
the resistor Ry (temperature) of the heater substantially
constant. Indicated by 23 is an oxygen concentration
measuring circuit connected to the oxygen concentra-
tion measuring element 3 via the lead lines 115, 11¢ and
the connectors 32 and 32’, which measuring circuit
allows a reference current to flow between the refer-
ence electrode 4 and measuring electrode 6 of the oxy-
gen concentration measuring element 3 so as to keep a
voltage related to the partial pressure of oxygen sub-
stantially constant and measures an output voltage of
the oxygen concentration measurlng element 3, thus
detecting the oxygen concentration in the atmosphere.

According to the characteristic of the bridge circuit,
a relattonship R2/Ry=R1/R3 holds at a predetermined
temperature and since as shown in FIG. 3 there is a
relationship - that Ry=CRyg’,
Ry=(R1/R3)-Rg=C-(R1/R3)-R}° holds, and thus as
the reference resistor Ry which is to be mounted to the
above-mentioned oxygen sensor 30, a resistor having a
resistance resulting from multiplying a resistance Ry’ at
room temperature of the heater 8 with a constant
(K=C-R1/R3) should be chosen. If setting is made that
R>=K-Rp°, the resistor Ry of the heater 8 is controlled
to satisfy Rg=K-Rp° (R3/R1) by means of the above-
mentioned control circuit 4, SO that
Ru/Ry°=K(R3/R)) holds. The fact that Ry/Ry° is
constant allows the heater to produce a predetermined
temperature as shown in FIG. 3. Accordingly, in manu-
facturing the oxygen sensors 30, the resistance Ry° at
room temperature of the heater 8 1s measured and a
resistor having a resistance Ry=K-Ry° is used as a ref-
erence resistor to be accommodated in the connector
32; and what is only necessary 1s to let each of service
works in various districts store such oxygen sensors as
manufactured in the above manner as repair parts. Ac-
cordingly, the replacement of an old oxygen sensor
with a new one can be effected at each service work
without due regard to the variation in the resistance of
the heater of the oxygen sensor 30 and without due
adjustment of the reference resistors Ri and Rj of the
temperature control circuit 40.

Referring to the bridge circuit, because there is a
relationship Ry=R2-R3/R), a desired one of reference
resistors Ri1, Ry and R3 may be accommodated in the
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oxygen sensor 30. In mounting the reference resistors
R; and R3 on the oxygen sensor 30, the resistors with
small resistances are chosen as the reference resistors
Rj and R3 when the resistance Rg° of the heater 8 at
room temperature 1s lower than a predetermined value.
In mounting the reference resistor Ry on the oxygen
sensor 30, the situation is quite the opposite to the case
mentioned above. However, as shown in the embodi-
ment shown in FIG. 4, it is preferrable to use the refer-
‘ence resistor R; as the reference resistor to be mounted
on the oxygen sensor 30 for the merit that a the amount

-~ of current it must withstand is small and a common
earth may be used.

In this embodiment, there has been shown an example
that the reference resistor R is mounted on the connec-
tor 32, the reference resistor may be mounted on the

holder or lead line, if desired. In any event the reference

resistor should be mounted within an area where the
heat has little influence.

Although in the above embodiments, the invention is
applied to an oxygen concentration measuring element,

1t may be applied to any gas sensor where temperature

control 1s desired.
What 1s claimed is: |
1. An apparatus comprising:
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a gas sensor having a heater:

a bridge circuit comprising a plurality of reference
resistors, at least one of said plurality of reference
resistors being mounted within said gas sensor:

a source of electric power applying a voltage to said
bridge circuit;

means for monitoring a balancing voltage of said
bridge circuit and generating a control signal indic-

~ative of said balancing voltage; and

means responsive to said control signal for varying
sald voltage applied to said bridge circuit in such a
manner as to reduce said balancing voltage.

2. An apparatus as claimed in claim 1, wherein said at
least one of said plurality of reference resistors has a
resistance resulting from multiplying a resistance of said
heater with a constant.

3. An apparatus as claimed in claim 2, wherein said
constant 1s expressed by K=C-(R1/Rj3).

4. An apparatus as claimed in claim 2, 3, or 1, wherein
said gas sensor comprises an element holder, a gas con-
centration measuring element supported by said ele-
ment holder, and a connector carrying terminals electri-
cally connected via respective lead lines with said gas

concentration measuring element.
| £ %k ok ok %
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